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Mr. R. Appleyard on the Conductometer. 281 
and a very uncertain quantity is thus eliminated from his 
calculations. Dr. Wilson concludes from his experiments 
that " i t  may be considered established that e lies between 
2 • 10 -1~ and 4X 10 -1~ E.S. units." The lower limit is in 
fair agreement with the value l"2 10 -2~ found for E by 
taking N= 102~ We see, therefore, tha~ the value 2 x 10 -1~ 
does not differ by more than the factor 2 from the most 
probable values which can be obtained by both methods. 
XXVI[ I .  The Conductometer. By ROLL0 APPLEYARD "x-. 
T HIS is a direct-reading instrument, intended for the comparison of electrical conductivity? of copper and 
other wires, for a range within, say, 5 per cant. above and 
5 per cent. below 100. 
In comparing two wires, either may be regarded as the 
standard. Suppose that balance is obtained with two samples 
of equal length upon a straight bridge-wire, divided into 
100 parts, the position of balance being L divisions : (A) as- 
stoning the two wires to be of the same mean diameter, 
but of different conductivities; (B) assmning the wires to 
be of equal conductivity, but of unequal diameters. In 
case (A) it is found from the conditions of balance that a 
change of 1 per cent. conductivity between + 5 per cent. and 
--5 per cent. corresponds on the average with z~- of the 
total length of the bridge-wire. If therefore the middle of 
the bridge-wire is marked" 100 "and divisions are marked off 
from that point to right and left, each equal to 1 of the Tt~-ff 
length of the bridge-wire, these approximately correspond to 
successive increments of 1 per cent. conductivity. Or again, 
if the standard wire is not 100 per cent., move the whole 
scale thus graduated so that the mark on it corresponding 
to the conductivity of the standard is in coincidence with the 
electrical middle of the bridge-wire. I have proved that this 
arrangement is still direct-reading, and that its indications 
may be trusted to within a considerable degree of accuracy. 
In case (B), suppose the two wires have diameters d and 
(d+y)  respectively. Then an expression for L in terms 
of y and d can be found. I f  in this expression y. is given 
some definite value, say 1 mil, and if d is then given suc- 
cessive values corresponding to the whole range of diameters 
of wires in common use, a table or curve can be constructed 
showing at once the amount by which the slider must be 
Communicated by the Physical Society : read December 11, 1903. 
% See The Electrical Conductivity of Copper, Electrical Review, 
June 19, July 3 & 10, and August 14, 1903. 
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moved, i. e. the deciation to be applied, to compensate for 
1 mil, or for any fraction of I rail di~'erence of diameters of 
the two wires, for any value of d within the range. Provided 
that ~j and d are in the same unit, the expression for L is 
perfectly general. 
These partial operations (A) and (B), when combined, re- 
present he complete corrections to be applied within the 
required limit~ of accuracy. I have proved that the errors 
involved by carrying out this method tbr a range from 95 to 
105 per cent. conductivity never exceed 0"1 per cent. In the 
conductometer, the two partial operations are carried out by 
setting two scales with reference to the electrical middle of 
the bridge-wire. The first scale, marked " 100" at the 
middle , is divided into say 10 divisions, each ~oJ-r of the 
length of the bridge-wire, every such division representing 
1 per cent. conductivity. This scale is set to correspond 
with the conductivity of the standard wire, as above explained. 
Or the standard wire nmy be replaced by a resistance-coil of
the same material, corresponding to the resistance of a wire 
of length equalto that of the test-wire of diameter d, and of 
say 100 per cent. conductivity~ in which case the " 100" 
mark of this scale is placed in coincidence with the middle of 
the bridge-wir% and is there clamped so long as that kind 
of wire is being tested. A second scale is divided into gra- 
duations each equal to l-W-1 of the total length of bridge- 
wire. The middle point of this scale is marked "0." A 
sliding contact for the bridge-wire can he set and clamped to 
this scale, at a point along it corresponding to the deviation, 
as above explained. This setting is to right or left of the "0," 
according to whether the test-wire is of greater or of less 
diameter than the standard wire. The deviation can be 
calculated from the mass, as well as from the diameter of the 
wire; the appropriate scale-setting is then given simply by 
"fifty times the difference of the masses, divided by the sum of 
the masses~" for any equal lengths whatever of test-wire and 
standard wire, the masses being expressed m any single unit 
of mass whatever. For routine testing~ where large quantities 
of copper have to be dealt with, the average time of a test for 
a long series of tests has by this instrulnent been reduced to 
18 seconds, with the diameter method. The theory and the 
mectmnical details of the instrument arc fully described in 
the 'Proceedings of  the Institution of Civil Engineers,' 
vol. cliv. Session 1902-1903, part iv. It is clear that the 
principle above described for compensating for differences of 
diameter can be applied to potentiometer work generally. If 
conductivity is assumed constant, the instrument can be used 
as a very sensitive micrometer. 
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